Aims To compare the performance of the natriuretic peptides (NPs) NT-proBNP and MR-proANP for the diagnosis of acute heart failure (AHF) in subsets of conditions potentially confounding the interpretation of NPs.
Introduction
In patients presenting with acute dyspnoea, accurate diagnosis of acute heart failure (AHF) is paramount in order to deliver early and appropriate treatment. For this purpose, brain-type natriuretic peptide (BNP), N-terminal pro brain-type natriuretic peptide (NT-proBNP) or atrial natriuretic peptide (ANP) collectively designated as natriuretic peptides (NPs) have been recommended by practice guidelines for rule-out used at pre-specified and validated cut-offs. [1] [2] [3] [4] However, the performance of NP levels for the diagnosis of AHF has been reported to be less accurate in the setting of renal failure, and obesity as well as advanced age may confound interpretation of NP levels. While practice guidelines give no preference for the use of either NP, the biomarkers in acute heart failure (BACH) trial reported that ANP added to the utility of BNP levels in patients with intermediate BNP values and with obesity but not in renal insufficiency, the elderly, or patients with oedema. 5 The present analysis was performed to test the relative performance of NT-pro-BNP and mid-regional (MR)-proANP for diagnosis of AHF in an independent study cohort and in clinical subsets where interpretation of levels might be confounded.
Methods
During a 22-month period from May 2013 to November 2014, patients presenting to the emergency department (ED) of the University of Heidelberg with acute onset of dyspnoea or pre-existing dyspnoea that deteriorated within the previous 14 days before admission were enrolled. Patients received routine evaluation including physical examination, a comprehensive laboratory testing including NT-proBNP, an ECG and chest radiography. Additional work-up was left at the discretion of the attending emergency physician.
Performance of NPs was tested in the overall cohort and in pre-specified subsets of particular interest including patients with a severe kidney failure (creatinine clearance <60 mL/min/1.73 m 2 ), age above or below 70 years, obesity defined as body mass index above or below 30 kg/m 2 , rhythm other than sinus rhythm defined as either atrial fibrillation (AF) and paced rhythm, and among patients with NP levels within the grey zone, that is between the overall ageindependent rule-out cut-off and the age-dependent rule-in cut-off for AHF. On the basis of the proBNP investigation of dyspnoea in the emergency department (PRIDE) study classification, 3 grey zone NT-proBNP values were defined as values above 300 ng/L but below 450 ng/L if age was below 50 years, from above 300 ng/L but below 900ng/L if age was between 50 and 75 years, and above 300 ng/L but below 1800 ng/L if age was 75 years or older. 5 Severe kidney failure was defined as an estimated glomerular filtration rate of 60 mL/min/ 1.73 m 2 or less using the modification of diet in renal disease formula. 6 Confirmation of heart failure and adjudication of final diagnoses Diagnosis of AHF was confirmed by two cardiologists (F.F.D. and C.B.) who independently reviewed all medical records and independently classified the diagnosis as dyspnoea due to heart failure or due to another cause. Adjudicators had access to data on chest radiography, lung computed tomography (CT) and/or multislice-CT angiography, 2D echocardiography, abdominal ultrasonography, and cardiac catheterization. In order to provide an objective diagnosis, the validated PRIDE score for AHF was retrospectively calculated for all study patients. The PRIDE score consists of eight factors: elevated NT-proBNP (4 points), interstitial oedema on chest X-ray (2 points), orthopnoea (2 points), absence of fever (2 points), loop diuretic use, age >75 years, rales, and absence of cough (all 1 point). The diagnosis of AHF was deemed very likely at a cut point of ≥6 points. 7 Patients were further reviewed for the presence of acute coronary syndrome (ACS), pulmonary embolism, infection of the lower respiratory tract, and systemic inflammatory response syndrome or sepsis. For patients with an infection as the sole cause of acute dyspnoea or as precipitant cause of AHF, records were reviewed for data on levels of C-reactive protein, leukocytes, temperature at presentation, location of infection, identification of pathogen agents, and need for and start of antimicrobial therapy.
Patients with ACS were classified according to the criteria of the universal myocardial infarction definition. 8 The diagnosis of acute pulmonary embolism required the identification of thrombotic material on a 256-multislice-CT angiography.
The study was observational and all medical decisions, therapies or further diagnostic work-up were left at the discretion of the attending emergency physician.
The study was performed according to the principles of the Declaration of Helsinki and approved by the local ethics committee (Heidelberg, registration number S-117/2013). Written informed consent was obtained from all participating patients. Follow-up was accomplished via telephone contact or questionnaire at least 6 months after discharge.
Biomarker testing N-terminal pro brain-type natriuretic peptide was measured by the Stratus® CS Acute Care ™ NT-proBNP assay (Siemens AG, Berlin and Munich, Germany), whereas MR-proANP was analysed on a Kryptor (BRAHMS AG, Hennigsdorf Berlin, Germany). Both automated assays are based on the sandwich chemiluminescence assays, which are described in detail elsewhere 9, 10 and which have been used in other studies. 9, [11] [12] [13] In addition, levels of procalcitonin and C-reactive protein were determined from the admission blood sample in all patients routinely, and results were available for interpretation by the attending physician during ED stay.
Statistical analysis
Continuous variables were tested for normal distribution using the D'Agostino-Pearson test and were presented either as means ± SD or as medians with 25th and 75th percentiles. Groups were compared using the χ 2 -test for categorical variables and analysis of variance for continuous variables. Independent samples were compared using the Comparative accuracy of NT-proBNP and MR-proANP for the diagnosis of acute heart failure in dyspnoeic patients 233 Mann-Whitney test. Alternatively, we used ANOVA after logarithmic transformation of the data. If the ANOVA test was found positive (P < 0.05), then Student-Newman-Keuls test for pairwise comparison of subgroups was applied. We determined diagnostic performance for diagnosis of AHF from receiver operating characteristic (ROC) curves on the basis of the continuously measured biomarker levels and compared areas under the curve (AUC) using the test of DeLong et al.
14 ROC-optimized cut-off values were calculated using the point closest to the upper left corner according to the method proposed by Zweig et al. 15 In addition, we calculated sensitivities, specificities, negative predictive and positive predictive values for the diagnosis of AHF.
The SPSS 15.0 (SPSS, Chicago, Illinois) and MedCalc 11.1 (MedCalc software, Mariakerke, Belgium) statistical software package were used. All tests were two-tailed and a P-value < 0.05 was considered statistically significant.
Results
A total of 312 patients were enrolled. Of these, the adjudicated diagnosis was AHF in 139 patients (44.6 %). The patient characteristics among the AHF and non-AHF groups are presented in Table 1 . Patients with AHF were older and more often male, they had more comorbidities like diabetes mellitus, impaired LV function, impaired renal function and either paced rhythm or AF than patients without AHF.
The NT-proBNP ranged from 19. Table 2 shows the sensitivity, specificity, positive predictive value and negative predictive value as well as the cut-off values for the diagnosis of AHF for both measurements.
The diagnostic performance was also evaluated by ROC analysis. The curves for MR-proANP and NT-proBNP are shown in Figure 2A . The AUCs for MR-proANP and NT-proBNP did not significantly differ (AUC MR-proANP = 0.842 vs. AUC NT-proBNP = 0.892, P = 0.0839).
Other diagnoses than acute heart failure The diagnostic spectrum of causes for dyspnoea included respiratory infections including pneumonia (n = 25), pulmonary diseases without infection including asthma bronchiale (n = 31), ACS (n = 33) (ST-segment elevation myocardial infarction, n = 1; non-ST-segment elevation myocardial infarc- tion, n = 4; unstable angina, n = 28), pulmonary embolism (n = 22), arrhythmias (n = 21), and miscellaneous including structural and congenital heart diseases, hypertensive crisis, malignomas, rheumatological, haematological and autoimmune diseases, atypical chest pain, trauma, neurological and psychosomatic diseases (n = 41). The distributions of NT-proBNP and MR-proANP values across the diagnostic spectrum are shown in Figure 3 .
Performance of NT-proBNP and MR-proANP in pre-specified subsets
The diagnostic performance of both biomarkers was tested in the subset of patients with severe kidney failure (76 of 125 (60.8%), advanced age (n = 94 of 176 (= 53.4%), obesity (n = 47 of 101 (= 46.5%), AF or paced rhythm (76 of 106 (= 71.7 %), and in the NT-proBNP grey zone (n = 14 of 60 (= 23.3%). The association between NT-proBNP/MR-proANP and either age, serum creatinine and body mass index is shown in Figure 4A -C.
Data on the diagnostic performance of both biomarkers in the different subsets are summarized in Table 2 . AUCs for MR-proANP and NT-proBNP did not significantly differ from each other in the presence of severe renal failure (AUC 0.808 vs. 0.839, P = 0.5683), advanced age (AUC 0.868 vs. 0.834, P = 0.4087), obesity (AUC 0.888 vs. 0.858, P = 0.5432), AF or paced rhythm (AUC 0.782 vs. 0.844, P = 0.3250), and NT-pro BNP grey zone (AUC 0.685 vs. 0.731, P = 0.6927) ( Figure 2B-F) . Moreover, there was no statistically significant difference between the AUCs for MR-proANP and NT-proBNP in the pre-specified subsets compared with those in the total population for all subsets (Figure 2) .
Prognosis of NT-proBNP and MR-proANP in patients with and without acute heart failure There were 25 deaths within 88.0 ± 23.5 days of follow-up. Of these, 16 deaths occurred among patients with a diagnosis of AHF and 9 deaths among those without AHF. Mortality was significantly higher in the group with AHF than in the group without AHF (P = 0.0316).
In Comparative accuracy of NT-proBNP and MR-proANP for the diagnosis of acute heart failure in dyspnoeic patients
Discussion
In this observational study, we compared the diagnostic and prognostic performance of NT-proBNP and MR-proANP for the diagnosis of AHF in consecutive patients presenting with acute dyspnoea and in pre-specified subsets that have been reported to confound and thus potentially limit the usefulness of NPs. There were several findings that are important for interpretation of NT-proBNP and MR-proANP in clinical practice.
First, the diagnostic performance of both NT-proBNP and MR-proANP for the diagnosis of AHF is excellent (Figure 2A) confirming previous studies [1] [2] [3] 16, 17 and thus fully supporting current guideline recommendations on the use of NPs for rule-out of AHF. 18 Second, non-survivor demonstrated significantly higher biomarker levels, and prediction of death with NT-proBNP and MR-proANP was similar, albeit less accurate than diagnostic performance. Figure 2 Receiver operating characteristic curves of NT-proBNP and MR-proANP for the diagnosis of AHF. (A) Total population; (B) pre-specified subset severe kidney failure; (C) pre-specified subset advanced age; (D) pre-specified subset obesity; (E) pre-specified subset rhythm disorder; and (F) prespecified subset NT-proBNP grey zone.
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Third, the diagnostic performance of NT-proBNP and MR-proANP was not impaired in the subsets of patients with severe kidney failure, advanced age, obesity, AF or paced rhythm, and NT-proBNP grey zone values and remained comparable with that in the entire population ( Figure 2) .
Current guidelines recommend the use of NPs for rule-out of AHF without preference of any marker.
Previous data suggested differences with respect to the diagnostic performance of NPs in particular subgroups that may confound NP concentrations and thus limit interpretation. The BACH trial had reported that the performance of NTproBNP for the diagnosis of AHF is impeded by severe kidney failure, advanced age, obesity, and intermediate NT-proBNP grey zone values. 5 They showed that testing for MR-proANP provided additional diagnostic utility regarding the diagnosis of AHF in patients with obesity and intermediate NT-proBNP values. 5 In patients with severe kidney failure and advanced age, however, testing for MR-proANP did not bring any further diagnostic utility. 5 By contrast, our findings demonstrated that the diagnostic performance of both NPs NTproBNP and MR-proANP was not affected by severe kidney failure, advanced age, obesity, rhythm disorders, and intermediate NT-proBNP values ( Figure 2) . Diagnostic performances of NT-proBNP and MR-proANP did not differ statistically from each other (Figure 2) , and both had a strong reciprocal correlation (Figure 1) . The characteristics of our study population show some similarities with the BACH trial. 5 First, the criteria of being eligible were similar to the BACH trial. Accordingly, only patients with acute shortness of breath as their primary complaint upon presentation to the ED were enrolled in the study. Second, the confirmation of diagnosis, as described under methods, was performed similarly to the BACH trial. Finally, the patients of our study had a lot of comorbidities like severe kidney failure and rhythm disorders ( Table 1) , comparable with the BACH trial. However, there are also some differences to be considered. Compared with the study population of the BACH trial, 5 our patient cohort comprised a higher percentage of patients with AHF (44.6% vs. 34.6% in the BACH trial).
Our study also highlights the diagnostic challenge regarding accurate diagnosis of AHF among patients presenting with acute dyspnoea. A substantial proportion of patients were older than 70 years (53.4%), had severe impairment of kidney function (60.8%), were obese (46.5%), had rhythm disorders (71.7%), or had values in the grey zone (23.3%).
Similar to the BACH trial, less than 50% had a final diagnosis of AHF while the majority had other non-AHF diagnoses including respiratory tract infections, ACS, and pulmonary embolism.
Patients with severe kidney failure and rhythm disorders demonstrated significantly higher NT-proBNP and MRproANP levels ( Figure 3 ) and higher optimal cut-off values ( Table 2) , as derived from ROC analysis, than patients without severe kidney failure and those with preserved sinus rhythm. For kidney failure, an inverse relationship between NP and creatinine clearance has previously been reported consistently, 16 with some reporting that NT-proBNP values are more affected than BNP values. 19, 20 Although NTproBNP was reported to be more affected by renal function than BNP, 19, 20 Anwaruddin et al. showed that the diagnostic performance of NT-proBNP was still acceptable. 16 Similar results could be found in our study. Even if a correlation between NP levels and serum creatinine could be identified (Figure 4) , the performance of NPs for the diagnosis of AHF was not significantly impaired by severe kidney failure ( Figure 2) .
For AF, the findings of higher values of NT-proBNP and MR-proANP ( Figure 3 and Table 2 ) are in line with previously published data of patients with chronic heart failure and AF. 21, 22 By contrast, the BACH trial 5 did not find any significant difference regarding NPs among patients with AHF and sinus rhythm as compared with those without sinus rhythm. Their explanation was that previous studies 21, 22 were made on patients with chronic heart failure and not AHF. They stated that patients with AHF and AF had presumably a less impaired left ventricular (LV) function than patients with AHF alone. 5 According to them, AF probably caused the increase of NP levels in patients with AHF and AF, which, however, was counterbalanced by lower baseline levels of NPs because of a better LV function in those patients. Of note, they did not evaluate Figure 3 Distributions of NT-proBNP and MR-proANP values across the diagnostic spectrum. Distributions of NT-proBNP and MR-proBNP values are represented by box-plots and whisker-plots. A base-10 log scale is used for the y-axis. The diagnostic spectrum comprises the diagnostic groups 1, respiratory infections including pneumonia; 2, pulmonary diseases without infection including asthma bronchiale; 3, acute coronary syndrome including ST-segment elevation myocardial infarction, non-STsegment elevation myocardial infarction and unstable angina; 4, pulmonary embolism; 5, arrhythmias; 6, miscellaneous including structural and congenital heart diseases, hypertensive crisis, malignomas, rheumatological, haematological and autoimmunological diseases, atypical thoracic pain, trauma, and neurological and psychosomatic diseases.
Comparative accuracy of NT-proBNP and MR-proANP for the diagnosis of acute heart failure in dyspnoeic patients 237 the LV function by echocardiography. However, we found that patients with AHF and AF or paced rhythm had significantly higher NT-proBNP and MR-proANP cut-off values than patients with AHF alone (Table 2 ). Moreover, we were able to demonstrate that the LV function was not less impaired in patients with AHF and rhythm disorders ( Table 1) . Richards et al. showed that the diagnostic performance of NT-proBNP, BNP and MR-proANP was impaired by AF and that additional testing of MR-proANP did not bring any further diagnostic utility. 23 However, we could finally demonstrate that the diagnostic performance of the NPs was not impaired by rhythm disorders (Figure 2) .
In summary, we could demonstrate that NT-proBNP and MR-proANP showed similar diagnostic performances. NTproBNP and MR-proANP can hence be used equally. In case of NT-proBNP values in the grey zone, additional testing of MR-proANP, however, provides supplementary information for the diagnosis of AHF.
In this study, we also wanted to determine the prognostic value of NT-proBNP and MR-proANP for mortality in dyspnoeic patients with and without AHF. Our results showed that the rate of mortality was significantly higher in the AHF than in the non-AHF group (P = 0.0316). Concerning the prognostic value of NT-proBNP and MRproANP, we could demonstrate that in the AHF group, both NPs were able to predict mortality. Similar results could be achieved in the group with advanced AHF. However, the level of statistical significance was higher for MR-proANP (P = 0.013) than for NT-proBNP (P = 0.0451). Hence, MR-proANP might be preferable to NT-proBNP for predicting mortality in patients with advanced heart failure. Given the relative small number of patients with advanced heart failure (n = 59) and the fact that both NPs showed significant results for mortality prediction, it can yet not been deduced that MR-proANP is superior to NT-proBNP.
In the non-AHF group, NT-proBNP and MR-proANP were both not useful to determine mortality.
Conclusions
We presented a study with a lot of similarities to the BACH trial. One of the differences, however, consisted in the higher percentage of AHF patients in our study compared with the BACH trial, endorsing our study findings.
Despite the influence of comorbidities such as severe kidney failure or AF or paced rhythm on NPs, resulting in higher NP cut-off values, the performance of NPs for the diagnosis of AHF was not impaired. In fact, the ROC curves of NT-proBNP and MR-proANP for the diagnosis of AHF in the total population as well as in the pre-specified subsets severe kidney failure, advanced age, obesity, rhythm disorders, and intermediate NT-proBNP values showed no statistically relevant differences. Moreover, the diagnostic performances of both NPs NT-proBNP and MR-proANP were comparable.
Finally, the prediction of death with NT-proBNP and MRproANP was similar, albeit less accurate than diagnostic performance.
In sum, the diagnostic performances of NT-proBNP and MR-proANP were similar. In case of NT-proBNP values in the grey zone, additional testing of MR-proANP can be helpful. Moreover, MR-proANP seems to be preferable but not superior to NT-proBNP for prediction of death in patients with advanced heart failure.
